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(57) ABSTRACT

A method of recycling a cholesteric liquid crystal 1s provided.
The method includes providing a display medium material
containing a micro-encapsulated cholesteric liquid crystal.
The display medium material 1s mixed with a hydrophilic
solvent to form a mixture having a temperature of between
70° C. and 100° C. Then, a hydrophobic solvent 1s added to
mix with the hydrophilic solvent. The display medium mate-
rial, the hydrophobic solvent and the hydrophilic solvent are
mixed to form a mixture having a hydrophobic layer and a
hydrophilic layer. The hydrophobic layer and the hydrophilic
layer of the mixture are separated, wherein the hydrophobic
layer contains a cholesteric liquid crystal and the hydropho-
bic solvent. Then, the hydrophobic solvent 1s removed from
the hydrophobic layer to obtain the cholesteric liquid crystal.

9 Claims, 1 Drawing Sheet
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METHOD OF RECYCLING CHOLESTERIC
LIQUID CRYSTAL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of Tatwan Patent Applica-
tion No. 100145024, filed on Dec. 7, 2011, the entirety of

which 1s incorporated by reference herein.

BACKGROUND

1. Technical Field

The technical field relates to a method of recycling a liquid
crystal material, and more specifically to a method of recy-
cling a cholesteric liquid crystal 1n a micro-encapsulated cho-
lesteric liquid crystal.

2. Description of the Related Art

Cholesteric liquid crystal displays have advantages of hav-
ing bi-stable display characteristics, a large display area,
being easy to manufacture and resistant to shock, such that
cholesteric liquid crystal have become an important display
medium material.

Currently, a fluxional cholesteric liquid crystal 1s confined
in a specific space to form micro-encapsulated cholesteric
liquad crystal by micro-encapsulating technology. Then, the
micro-encapsulated cholesteric liquid crystal 1s dispersed in a
dispersant and then coated on flexible display panels for
flexible display application to satisiy the flexible require-
ments of the flexible displays.

The cost of cholesteric liquid crystal 1s expensive and cho-
lesteric liquid crystal waste 1s not environmentally friendly.
Thus, recycling of micro-encapsulated cholesteric liqud
crystal has become an important research area as the amount
ol the micro-encapsulated cholesteric liquid crystal used 1n
flexible displays greatly increases.

SUMMARY

One embodiment provides a method of recycling a choles-
teric liquid crystal, comprising: providing a display medium
material, containing a micro-encapsulated cholesteric liquid
crystal; mixing the display medium material with a hydro-
philic solvent to form a first mixture, wherein the first mixture
has a temperature of between 70° C. and 100° C.; adding a
hydrophobic solvent to mix with the hydrophilic solvent;
forming a second mixture of the display medium material, the
hydrophobic solvent and the hydrophilic solvent, wherein the
second mixture has a hydrophobic layer and a hydrophilic
layer; separating the hydrophobic layer from the hydrophilic
layer 1n the second mixture, wherein the hydrophobic layer
contains a cholesteric liquid crystal and the hydrophobic sol-
vent; and removing the hydrophobic solvent from the hydro-
phobic layer to obtain the cholesteric liquid crystal.

One embodiment provides a method of reprocessing a
cholesteric liquid crystal, comprising: providing a cholesteric
liquid crystal obtained from the above mentioned method of
recycling a cholesteric liquid crystal; and modulating a pho-
toelectric property of the cholesteric liquid crystal.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading the
subsequent detailed description and examples with reference
to the accompanying drawings, wherein:
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FIG. 1 shows a flow chart of a method of recycling a
cholesteric liquid crystal according to an embodiment of the
invention.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1n order to
provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
istances, well-known structures and devices are schemati-
cally shown in order to simplity the drawing.

According to an embodiment, a cholesteric liquid crystal in
a micro-encapsulated cholesteric liquid crystal can be
recycled. The micro-encapsulated cholesteric liquid crystal 1s
formed by encapsulating a cholesteric liquid crystal in a shell.
The shell may be made of S102 or polyurethane (PU).

When flexible display panel 1s discarded, the display
medium layer 1n the flexible display panels can be taken out
and the micro-encapsulated cholesteric liquid crystal 1n the
display medium layer can be recycled according to the
embodiments. The shell of the micro-encapsulated choles-
teric liquid crystal 1s destroyed to recycle the cholesteric
liquid crystal in the shell. The display medium layer com-
prises a display medium material and a binder. The material of
the binder 1s for example polyurethane (PU). The display
medium material includes the micro-encapsulated choles-
teric liquid crystal dispersed 1n a dispersant. The material of
the dispersant 1s for example gelatin or polyvinyl alcohol
(PVA). The cholesteric liquid crystal encapsulated by S10, 1s
usually dispersed in gelatin. The cholesteric liquid crystal
encapsulated by polyurethane (PU) 1s usually dispersed 1n
polyvinyl alcohol (PVA) or gelatin.

Furthermore, a display medium material not coated on a
flexible display panel yet can also be recycled according to
the embodiments. The shell of the micro-encapsulated cho-
lesteric liquid crystal in the display medium matenal 1s
destroyed to recycle the cholesteric liquid crystal 1n the shell.

The above mentioned display medium materials to be
recycled may be a deteriorated or a non-deteriorated material.
The deteriorated display medium matenal 1s for example a
moldy display medium material or the micro-encapsulated
cholesteric liquid crystal 1s separated from the dispersant to
produce a delaminated phenomenon 1n the display medium
material.

Referring to FIG. 1, which shows a flow chart of a method
100 of recycling a cholesteric liquid crystal according to an
embodiment. Firstly, at the step S102, a display medium
material 1s provided. The display medium material includes a
micro-encapsulated cholesteric liquid crystal. The display
medium material 1s for example provided from a display
medium layer 1n a flexible display panel. The display medium
layer includes the display medium material consisting of the
micro-encapsulated cholesteric liquid crystal and a dispers-
ant, and further includes a binder. Note that the display
medium material may be a deteriorated or a non-deteriorated
display medium material which 1s not coated on a flexible
display panel yet. The display medium material includes the
micro-encapsulated cholesteric liquid crystal and the dispers-
ant. Moreover, the display medium maternial may further
include a surface active agent, dyes and other additives.

At the step S104, a hydrophilic solvent with a specific
temperature 1s provided. The hydrophilic solvent i1s for
example hot water having a temperature of between 70° C.
and 100° C. The display medium material 1s mixed with the
hydrophilic solvent of the specific temperature and stirred to
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form a mixture with a temperature of between 70° C. and 100°
C. The shell of the micro-encapsulated cholesteric liquid
crystal 1s dissolved 1n the hydrophilic solvent at the tempera-
ture of between 70° C. and 100° C. Moreover, the dispersant,
mold, the surface active agent, dyes and other additives are
also dispersed in the hydrophilic solvent. Furthermore, the
binder of the display medium layer 1s also dispersed in the
hydrophilic solvent. In one embodiment, a weight ratio of the
hydrophilic solvent to the display medium material may be
between about 100:1 and about 5:4 or between about 50:1 and
about 3:1. The temperature of the hydrophilic solvent can be
modified according to the weight ratio of the hydrophilic
solvent to the display medium maternal to make the mixture of
the display medium material and the hydrophilic solvent have
a temperature of between 70° C. and 100° C.

At the step S106, a hydrophobic solvent 1s added to mix
with the hydrophilic solvent. The hydrophobic solvent 1s for
cxample hexane, ethyl acetate, heptane or tetrachlo-
romethane. According to the embodiments, a weight ratio of
the hydrophobic solvent to the hydrophilic solvent 1s between
about 4:6 and about 1:9.

At the step S108, the display medium matenal, the hydro-
phobic solvent and the hydrophilic solvent are mixed to form
a mixture. The mixture has a hydrophobic layer and a hydro-
philic layer. The cholesteric liquid crystal 1s dissolved 1n the
hydrophobic solvent to form the hydrophobic layer. The shell
of the micro-encapsulated cholesteric liquid crystal, the dis-
persant, the binder, the mold, the surface active agent, the
dyes and the other additives are dispersed in the hydrophilic
solvent to form the hydrophilic layer.

At the step S110, the hydrophobic layer 1s separated from
the hydrophilic layer 1n the mixture, wherein the hydrophobic
layer contains the cholesteric liquid crystal and the hydropho-
bic solvent. After several times of the extraction process 1s
performed, most of the cholesteric liquid crystal 1s separated
from the other materials 1n the display medium material.

At the step S112, the hydrophobic solvent 1s removed from
the hydrophobic layer to obtain the cholesteric liquid crystal.
At this step, a drying agent, for example magnesium sulfate
may be added in the hydrophobic layer and then through
filtering, concentrating and sucking dry processes the hydro-
phobic solvent 1s removed.

Next, an adsorbent may be added in the recycled choles-
teric liquid crystal. The material of the adsorbent 1s an 1nor-
ganic salt, for example aluminum oxide, zeolite, silica gel or
titanium oxide. The adsorbent can adsorb 10nic impurities in
the cholesteric liquid crystal to purity the recycled cholesteric
liquad crystal.

According to the embodiment, the shell of the micro-en-
capsulated cholesteric liquid crystal 1s destroyed by the
hydrophilic solvent at the temperature of between 70° C. and
100° C. and the cholesteric liquid crystal 1s dissolved in the
hydrophobic solvent. Therefore, using the above mentioned
temperature of between 70° C. and 100° C. and a co-solvent
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of the hydrophilic solvent and the hydrophobic solvent the
cholesteric liquid crystal 1n the micro-encapsulated choles-
teric liquid crystal can be recycled.

Then, physical properties of the recycled cholesteric liquid
crystal, for example a retlective wavelength (A )and aband
width (A A) of the recycled cholesteric liquid crystal to an
ultraviolet light are measured. Then, a photoelectric property
of the recycled cholesteric liquid crystal can be modulated
according to the measured physical properties and the appli-
cation requirements for the recycled cholesteric liquid crys-
tal. The methods for modulating the photoelectric property of
the recycled cholesteric liquid crystal includes adding a chiral
dopant 1n the recycled cholesteric liquid crystal, changing the
kinds of the cholesteric liquid crystal monomers or changing
the ratios of the cholesteric liquid crystal monomers 1n the
cholesteric liquid crystal composition.

Next, the recycled cholesteric liquid crystal can be further
encapsulated to form a new micro-encapsulated cholesteric
liquid crystal. Then, the new micro-encapsulated cholesteric
liquid crystal can be mixed with a new and approprate dis-
persant to form a new display medium material. The new
dispersant may be the same as or different from the original
dispersant used in the original and un-recycled display
medium material. The mixing ratio of the micro-encapsulated
and recycled cholesteric liquid crystal to the new dispersant
may be the same as or different from the mixing ratio of the
original micro-encapsulated cholesteric liquid crystal to the
original dispersant in the original and un-recycled display
medium maternal. Therefore, the new display medium mate-
rial may have the photoelectric properties the same as or

different from that of the original and un-recycled display
medium material.

EXAMPLE 1

Recycling a Cholesteric Liqud Crystal from a
Flexible Display Panel

Firstly, 100 g of water was heated to 80° C. to form hot
water. Then, 3 g of a flexible display panel (5x5 cm”) and
added 1nto the hot water to scrape a display medium layer on
the pieces of the flexible display panel into the hot water. The
maternals of the display medium layer include a micro-encap-
sulated cholesteric liquid crystal (the material of a shell of the
micro-encapsulated cholesteric liquid crystal was PU. The
composition and the ratio of the cholesteric liquid crystal
monomers are shown in Table 1), a binder of PU and a
dispersant of gelatin. After a mixture of the above mentioned
materials was stirred for one hour, the shell of the micro-
encapsulated cholesteric liquid crystal was destroyed by the
hot water to release a cholesteric liquid crystal. The choles-
teric liquid crystal, the dispersant of gelatin, the binder and
the hot water were mixed together to form a turbid solution.

TABLE 1

The composition and the ratio of the cholesteric liquid crystal monomers

OO

cholesteric liquid crystal monomers Percentage (wt %)

10%
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TABLE 1-continued

The composition and the ratio of the cholesteric liquid ¢rvstal monomers

cholesteric liquid crystal monomers

Percentage (wt %)

5%

15%

30%

10%

6%

24%

Total

Next, 50 g of a hydrophobic solvent of hexane was added
into the turbid solution and hexane was mixed with water. The
materials of the display medium layer, hexane and water were
mixed together to form a mixture. The mixture had a hydro-
phobic layer (organic layer) and a hydrophilic layer (water
layer), wherein the cholesteric liquid crystal was dissolved 1n
hexane to form the organic layer and the shell of the micro-
encapsulated cholesteric liquid crystal, gelatin and the binder
were dispersed 1n the water to form the water layer.

The organic layer was separated from the water layer. The
organic layer contaiming the cholesteric liquid crystal and
hexane was taken out and then a drying agent of magnesium
sulfate was added 1n the organic layer. After filtering, concen-
trating and sucking dry processes, hexane was removed to
obtain a recycled cholesteric liquid crystal.

Then, an adsorbent of silicon dioxide was added in the
recycled cholesteric liquid crystal to purily the recycled cho-
lesteric liquid crystal. After a filtering step, the purified cho-
lesteric liquid crystal was obtained.

In the embodiment, a recycling percentage of the choles-
teric liquid crystal recycled from the flexible display panel
was about 85 wt %. Through measuring the photoelectric
properties ol the recycled cholesteric liquid crystal of the
embodiment, the measurement results showed a reflective
wavelength (A, ) ofthe recycled cholesteric liquid crystal to
an ultraviolet light was 550 nm and a band width (AA) of the
recycled cholesteric liquid crystal to an ultraviolet light was
74.9 nm. The recycled cholesteric liquid crystal was ijected
into a cell between two glass plates to form a device and then
the photoelectric properties of the device were measured. The
measurement results showed a reflectivity of the recycled
cholesteric liquid crystal was 9.3% and a driving voltage of
the recycled cholesteric liquid crystal was 27 volts.
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EXAMPLE 2

Recycling a Cholesteric Liqud Crystal from a
Display Medium Material

The method of the Example 2 was the same as that of the
Example 1, except for the Example 2 not requiring the steps
of cutting a flexible display panel into several pieces and
taking out a display medium layer from the flexible display
panel. A display medium material of the Example 2 contain-
ing a micro-encapsulated cholesteric liquid crystal (the mate-
rial of a shell of the micro-encapsulated cholesteric liquid
crystal was PU. The composition and the ratio of the choles-
teric liquid crystal monomers are shown 1n Table 1) and a
dispersant of gelatin was directly added into hot water of 80°
C. and then a cholesteric liquid crystal was recycled by the
same steps as that of the Example 1. In the Example 2, a
recycling percentage of the cholesteric liquid crystal recycled
from the display medium material was about 87 wt %.
Through measuring the photoelectric properties of the
recycled cholesteric liquid crystal of the Example 2, the mea-
surement results showed a reflective wavelength (A ) of the
recycled cholesteric liquid crystal to an ultraviolet light was
550 nm and a band width (AA) of the recycled cholesteric
liquid crystal to an ultraviolet light was 75.1 nm. The recycled
cholesteric liquid crystal was injected into a cell between two
glass plates to form a device and then measuring the photo-
clectric properties of the device. The measurement results
showed a retlectivity of the recycled cholesteric liquid crystal
was 9.5% and a dniving voltage of the recycled cholesteric
liquid crystal was 27 volts.




US 8,673,175 B2

7
EXAMPLE 3

Measuring Photoelectric Properties of a New
Cholesteric Liquid Crystal

Through measuring the photoelectric properties of a new
cholesteric liquid crystal matenial (the composition and the
rat1o of the cholesteric liquid crystal monomers are shown in
Table 1), the measurement results showed a retlective wave-
length (A ) of the new cholesteric liquid crystal material to
an ultraviolet light was 550 nm and a band width (AA) of the
new cholesteric liquid crystal matenial to an ultraviolet light
was 75.8 nm. The new cholesteric liquid crystal material was
injected 1nto a cell between two glass plates to form a device
and then measuring the photoelectric properties of the device.
The measurement results show a retlectivity of the new cho-
lesteric liquid crystal material was 9.5% and a driving voltage
of the new cholesteric liquid crystal material was 27 volts.

As shown 1n the measurement results of Examples 1-3, the
recycled cholesteric liquid crystal obtained from the flexible
display panel and the display medium material according to
the methods of the Examples 1-2 photoelectric properties
which were similar to that of the new cholesteric liquid crystal
material of the Example 3.

Therelfore, according to the embodiments, both a display
medium layer 1mn a flexible display panel and a display
medium material not coated on a flexible display panel yet
can be recycled. The shell of a micro-encapsulated choles-
teric liquid crystal 1s destroyed and a cholesteric liquid crystal
in the micro-encapsulated cholesteric liqmd crystal 1is
recycled. Moreover, the photoelectric properties of the
recycled cholesteric liquid crystal are similar to that of a new
cholesteric liquid crystal material (with the same composition
and ratio of the cholesteric liquid crystal monomers as the
recycled cholesteric liquid crystal). Thus, the recycled cho-
lesteric liquid crystal obtained according to the embodiments
can be used 1n cholesteric liquid crystal displays.

In addition, a chiral dopant can be added 1nto the recycled
cholesteric liquid crystal to modulate the photoelectric prop-
erties of the recycled cholesteric liquid crystal. The recycled
cholesteric liquid crystal can be encapsulated to form micro-
encapsulated cholesteric liquid crystal and then mixed with a
dispersant to form a new display medium matenal to apply 1n
flexible display panels. Therefore, the embodiments can save
the maternial cost of the cholesteric liquid crystal and also
satisly environmental requirements.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It 1s intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.
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What 1s claimed 1s:

1. A method of recycling a cholesteric liquid crystal, com-
prising:

providing a display medium material, containing a micro-

encapsulated cholesteric liquid crystal;
mixing the display medium material with a hydrophilic
solvent to form a first mixture, wherein the first mixture
has a temperature of between 70° C. and 100° C.;

adding a hydrophobic solvent to mix with the first mixture
to form a second mixture, wherein the second mixture
has a hydrophobic layer and a hydrophilic layer;

separating the hydrophobic layer from the hydrophilic
layer 1n the second mixture, wherein the hydrophobic
layer contains a cholesteric liquid crystal and the hydro-
phobic solvent; and

removing the hydrophobic solvent from the hydrophobic

layer to obtain the cholesteric liquid crystal.

2. The method of recycling a cholesteric liquid crystal as
claimed 1n claim 1, wherein the hydrophilic solvent com-
prises water.

3. The method of recycling a cholesteric liquid crystal as
claimed 1n claim 1, wherein the hydrophobic solvent com-
prises hexane, ethyl acetate, heptane or tetrachloromethane.

4. The method of recycling a cholesteric liquid crystal as
claimed 1n claim 1, wherein a weight ratio of the hydrophobic
solvent to the hydrophilic solvent 1s between 4:6 and 1:9.

5. The method of recycling a cholesteric liquid crystal as
claimed 1n claim 1, wherein a weight ratio of the hydrophilic
solvent to the display medium material 1s between 100:1 and
>:4.

6. A method of reprocessing a cholesteric liquid crystal,
comprising;

providing a cholesteric liquid crystal obtained from the

method of recycling a cholesteric liquid crystal as
claimed 1n claim 1; and

modulating a photoelectric property of the cholesteric lig-

uid crystal.

7. The method of reprocessing a cholesteric liquid crystal
as claimed 1n claim 6, wherein the step of modulating the
photoelectric property of the cholesteric liquid crystal com-
prises adding a chiral dopant into the cholesteric liquid crys-
tal.

8. The method of reprocessing a cholesteric liquid crystal
as claimed in claim 6, further comprising performing a micro-
encapsulating process to the cholesteric liquid crystal to form
a reprocessed micro-encapsulated cholesteric liquid crystal.

9. The method of reprocessing a cholesteric liquid crystal
as claimed 1n claim 8, further comprising mixing the repro-
cessed micro-encapsulated cholesteric liquid crystal with a
dispersant to form a reprocessed display medium material.

G o e = x
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